preprogrammed. An alternative possibility is that proTo define PEA3 function in motor neurons, we focused on forelimb levels of the mouse spinal cord because grams of gene expression critical for specific phases of motor axon growth and differentiation are induced in many more motor neurons express PEA3 at this axial level than at lumbar levels (Arber et al., 2000). Moreover, motor neurons by peripheral signals encountered by motor axons en route to their target. This latter strategy we have observed that Pea3 mutant mice exhibit a subtle defect in forelimb motor coordination (S.A. and T.M.J., could provide an effective means of coordinating the timing of activation of specific phases of motor axon unpublished data). At the cervical (C)7/8 level, PEA3 is expressed in motor neurons from embryonic day differentiation with the position of the axon in the periphery. One major obstacle in resolving the potential contri-(E)10.75 onward (Figures 2A, 2C , and 2G-2I; Figures  6A-6C ). In E11.5 Pea3 ϩ/NLZ embryos, the expression of bution of peripherally induced programs of motor neuron gene expression to the formation of motor axon PEA3 colocalized precisely with that of LacZ (Figure 2A) . Similarly, the integration of Tau-LacZ into the 3ЈUTR of trajectories has been the failure to identify the genes that control these late developmental events.
the Pea3 3A and 3B) . In contrast, (Figures 4A-4D) . Within the LMCm, LacZ ϩ neurons were consistently located in a more dorsal position same ventral domain (Figures 3E and 3F) . (Figures 4K and 4L) . The relative positionWe next analyzed the migratory pattern of PEA3 mu- proximal zone of innervation and reached the distal doNevertheless, NF-M expression at this stage revealed main of the muscle where a separate zone of innervation that motor axons had extended beyond the plexus recomprising extensive nerve branches and synaptic sites gion into the forelimb and had begun to form musclewas evident ( Figures 7A, 7C , 7E, 7G, and 7I). These specific nerve branches ( Figure 6E ). Over the following findings are consistent with observations of the pattern 2 days, motor axons in Pea3 3ЈUTR-TLZ embryos became of innervation of the LD muscle in the rat (Zenker et al., more readily detectable and could be traced into the 1990). In the CM muscle, GAP-43 and mGFP labeling periphery (Figures 6B and 6C ; also see Figure 2G ). At revealed that motor axons entered the muscle at a proxithe brachial plexus (arrow in Figures 6B and 6C Figures S1E and S1F ), indicating that Pea3-deficient motor neurons are able were formed over almost the entire extent of the CM muscle, with a particularly high density of axonal to extend axons out of the spinal cord. By E12.5, however, a marked difference in the progression of motor branches and synapses in the distal domain of the muscle.
dots). (E-J) Visualization of axonal projections by NF-M expression (E, F, H, and I) and diagrammatic summary (G and J) in E11.5 (E and H) and E12.5 (F, G, I, and J) forelimbs of Pea3 ϩ/NLZ (E-G) and Pea3 NLZ/NLZ (H-J) embryos. Arrows indicate caudally directed axons at the brachial plexus and invasion of target muscles as in (B) and (C). In E12.5 Pea3 NLZ/NLZ (I and J) embryos, motor axons fail to invade target muscles. Three nerve trunks (median nerve, arrowhead; ulnar nerve, star; medial anterior thoracic to CM and thoraco-dorsal nerve to LD, arrows) are indicated in (F), (G), (I), and (J). Scale bar: 120 m in (A), (E), and (H); 200 m in (B); 160 m in (C), (F), and (I); and 80 m in (D). of the muscle fibers (Figures 8A, 8C, and 8E). Synapses motor neurons (Supplemental
axonal projections was detected in Pea3 NLZ/NLZ embryos. Axons derived from motor neurons that normally exWe next assessed the pattern of motor axon projections to these two target muscles in Pea3 NLZ/NLZ embryos. press PEA3 still projected caudally but subsequently failed to invade their muscle target areas and failed to At E11-E11.5, shortly after the normal onset of PEA3 expression, no difference in the initial extent or trajectory branch normally within the LD and CM muscles ( Figures  6I and 6J ). Limb muscles that were innervated by other of axonal projections was detected, and an equivalent density of caudally directed NF-M axons was observed LMC neurons that normally lack PEA3 expression exhibited a normal degree of axonal growth and branching at the brachial plexus in Pea3 ϩ/NLZ and Pea3 NLZ/NLZ embryos (arrows in Figures 6E and 6H) To analyze whether the defect in motor axon projecmice at P14 (n ϭ 15) revealed that only a single nerve branch extended beyond the proximal synaptic zone, tions to LD and CM muscles in Pea3 NLZ/NLZ mice results in later defects in innervation, we examined GAP-43 and and even this branch failed to extend further distally than the intermediate domain ( Figures 7F, 7H, and 7J ). mGFP expression in Pea3 NLZ/NLZ mice over the period E16.5 to P14. In the LD muscle of Pea3 NLZ/NLZ mice examConsistent with this defect in innervation, AChR clusters failed to form in the distal domain of the LD muscle, ined at E16.5, motor axons were found to extend to the point of entry into the muscle, and a proximal synaptic whereas they were found in normal numbers and positions in the proximal domain ( Figures 7C and 7D) . zone was evident ( Figure 7B ). However, a dramatic defect in motor nerve branching was observed in more
The pronounced defect in distal innervation of LD muscles in Pea3 NLZ/NLZ mice prompted us to examine distal domains of the LD muscle ( Figure 7B) et al., 2002) . We find that the positioning of motor neuron pools observed in Pea3 ation.
